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(57) ABSTRACT

A solid image-pickup device has a semiconductor substrate,
which includes an image-pickup area having a plurality of
light sensors arranged thereon. A transparent plate having
the same shape and the same size as those of the semicon-
ductor substrate when viewed as a plan view is bonded to the
surface of the semiconductor substrate. Also, a through hole
extends from the second side of the semiconductor device
towards the first side. An electrically conductive material is
located in the through hole. Additionally, the electrically
conductive material is physically connected to at least a
portion of a lower surface of a laminar layer portion com-
prising at least one conductive layer located at the first side
of the semiconductor substrate and is electrically connected
to the laminar layer portion.

14 Claims, 5 Drawing Sheets
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SOLID IMAGE-PICKUP DEVICE WITH
THROUGH HOLE PASSING THROUGH
SUBSTRATE

CROSS REFERENCES TO RELATED
APPLICATIONS

This is a Continuation application of U.S. patent appli-
cation Ser. No. 13/785,421 filed on Mar. 5, 2013, now U.S.
Pat. No. 9,048,352, issued on Jun. 2, 2015, which is a
Continuation Application of U.S. patent application Ser. No.
11/714,878 filed on Mar. 5, 2007, now U.S. Pat. No.
8,410,567 issued on Apr. 2, 2013, which is a Divisional
Application of application Ser. No. 11/303,297 filed on Dec.
16, 2005, now U.S. Pat. No. 7,187,051 issued on Mar. 6,
2007, which is a Continuation Application of application
Ser. No. 10/263,122 filed on Oct. 2, 2002, now U.S. Pat. No.
7,045,870 issued on May 16, 2006, which in turn claims
priority from Japanese Application No.: 2001-308512 filed
in the Japan Patent Office on Oct. 4, 2001, the entire contents
of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid image-pickup
device and a method for manufacturing the solid image-
pickup device. In particular, this invention relates to a
technique for manufacturing an improved solid image-
pickup device which is compact in size and low in produc-
tion cost.

2. Description of the Related Art

FIG. 6 is a cross sectional side view showing a conven-
tional solid image-pickup device.

As shown in FIG. 6, the conventional solid image-pickup
device 102 includes a package 104 having an internal recess
portion 106. A solid image-pickup element 108 formed by
disposing light sensors and the like on a semiconductor
substrate is received into the internal recess portion 106,
with its light receiving surface facing upward. Along the
edge portions of the surface of the solid image-pickup
element, there are arranged a plurality of bonding pads 112.
These bonding pads 112 are connected through bonding
wires 116 with terminal electrodes 114 of the package 104.
Each of the terminal electrodes 114 is connected with one
end of one of external terminals 118 inserted through the
package 104, while the other end of such one external
terminal 118 is allowed to produce to the outside of the
package 104 from the backside thereof.

Above the solid image-pickup element 108 there is dis-
posed a transparent plate 120 which is provided to protect
the solid image-pickup element 108 in order to ensure its
reliability. Specifically, the transparent plate 120 is adhe-
sively fixed on the package 104 above the recess portion
106, so as to ensure an airtight state within the recess portion
106 of the package 104.

However, with regard to the above-described conven-
tional solid image-pickup device, since the solid image-
pickup element 108 (semiconductor substrate) has to be
received into each package 104, an entire size of the solid
image-pickup device has to be larger than the solid image-
pickup element 108. Moreover, since the external terminals
118 are protruding from the backside of the package 104, it
is impossible to avoid an increase in the thickness of the
package 104 containing the external terminals 118.

Moreover, with regard to the above-described conven-
tional arrangement, since the solid image-pickup element
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108 has to be received into the package 104 in order to
complete a packaging process, it is necessary to perform an
operation in which the bonding pads 112 of the solid
image-pickup elements 108 have to be connected with the
terminal electrodes 114 of the package 104 by way of the
bonding wires 116. As a result, it is difficult to ensure a high
production efficiency as well as a low production cost.

On the other hand, it is extremely important for a digital
still camera, a video camera or a PDA (Personal Digital
Assistants) apparatus to be made compact in size and low in
cost. For this reason, the solid image-pickup device 102
which serves as a main component to be incorporated into
each of these apparatus, is usually strongly required to be
made compact in size and low in production cost.

SUMMARY OF THE INVENTION

The present invention has been accomplished in order to
solve the aforementioned problem, and it is an object of the
invention to provide an improved solid image-pickup device
which is compact in size and low in production cost, as well
as to provide a method for manufacturing such an improved
solid image-pickup device.

In order to achieve the above object of the present
invention, there is provided an improved solid image-pickup
device including a semiconductor substrate having a plural-
ity of light sensors and a plurality of bonding-pads on the
surface, a transparent plate fixed on the surface of the
semiconductor substrate, the surface of the transparent plate
surface facing the light sensors; through holes extending
from the lower surfaces of the bonding pads to the back
surface of the semiconductor substrate; a first insulating film
covering the inner surfaces of the through holes; a second
insulating film surrounding at least the openings of the
through holes at the back surface of the semiconductor
substrate; and an electrically conductive material supplied in
the through holes, electrically connected with the lower
surfaces of the bonding pads, and exposed from the openings
of the through holes.

Further, according to the present invention, there is also
provided a method of manufacturing solid image-pickup
devices including a semiconductor substrate having a plu-
rality of light sensors and a plurality of bonding pads on the
surface, the method comprising the steps of: bonding a
transparent plate to a surface of a semiconductor wafer, the
surface including a plurality of semiconductor substrate
portions for a plurality of solid image-pickup devices, the
transparent plate having a plate surface facing the surface of
the semiconductor wafer and having substantially the same
size as that of the semiconductor wafer; grinding the back
surface of the semiconductor wafer bonded with the trans-
parent plate, to reduce the thickness of the semiconductor
wafer; forming through holes extending from the back
surface of the semiconductor wafer to the lower surfaces of
the bonding pads; forming a first insulating film on the inner
surface of each of the through holes; forming a second
insulating film on the back surface of the semiconductor
wafer so as to surround at least the openings of the through
holes; and cutting the semiconductor wafer together with the
transparent plate to form a plurality of solid image-pickup
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross sectional side view showing a solid
image-pickup device formed according to one embodiment
of the present invention.
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FIG. 1B is an enlarged cross sectional view showing
portion IB of FIG. 1A.

FIG. 2 is a plan view showing the solid image-pickup
device formed according to the embodiment of the inven-
tion.

FIG. 3 is a side view showing the solid image-pickup
device, when viewed from a position under the drawing in
FIG. 2.

FIG. 4 is a side view showing the solid image-pickup
device, when viewed from a position on the right side of the
drawing in FIG. 2.

FIG. 5 is a back view of the solid image-pickup device
formed according to the embodiment of the present inven-
tion.

FIG. 6 is a side view showing a conventional solid
image-pickup device.

FIG. 7A is a cross sectional side view showing a solid
image-pickup device formed according to another embodi-
ment of the present invention.

FIG. 7B is an enlarged cross sectional view showing
portion VIIB of FIG. 7A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be described
in the following with reference to the accompanying draw-
ings.

FIG. 1A is a cross sectional side view showing a solid
image-pickup device formed according to one embodiment
of the present invention. FIG. 1B is an enlarged cross
sectional view showing portion IB of FIG. 1A. FIG. 2 is a
plan view showing the solid image-pickup device formed
according to the embodiment of the invention. FIG. 3 is a
side view showing the solid image-pickup device, when
viewed from a position under the drawing in FIG. 2. FIG. 4
is a side view showing the solid image-pickup device, when
viewed from a position on the right side of the drawing in
FIG. 2. FIG. 5 is a back view of the solid image-pickup
device formed according to the embodiment of the present
invention. Specifically, FIG. 1A and FIG. 1B are cross
sectional views taken along IA-IA line in FIG. 2.

As shown in FIGS. 2 through 5, the solid image-pickup
device 2 formed according to the present embodiment
comprises a solid image-pickup element 4, a transparent
plate 6 and a flexible circuit substrate 8.

The solid image-pickup element 4 includes a plurality of
light sensors arranged in an image-pickup area 14 which is
rectangular in shape and located in the central area on the
surface 12 of a semiconductor substrate 10, also includes a
plurality of bonding pads 16 along the edge portions of the
surface of the semiconductor substrate. The semiconductor
substrate 10 has a thickness of 100 pm or less, while the
transparent plate 6 may be formed by a quartz glass. Both the
solid image-pickup element 4 and the transparent plate 6 are
rectangular in shape when viewed as plan views, and have
the same shape as well as the same size. The transparent
plate 6 is fixed on the surface 12 of the semiconductor
substrate 10, in a manner such that the two members are
caused to face each other and be coincident in their posi-
tions.

Specifically, the ridge line portions 18 (located opposite to
the semiconductor substrate 10) of the transparent plate 6 are
chamfered, as shown in FIGS. 3 and 4.

As shown in FIG. 1, the semiconductor substrate 10 and
the transparent plate 6 are bonded to each other by virtue of
a sealing agent 20. Here, the sealing agent 20 is applied to
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the edge portions of the semiconductor substrate 10 and the
transparent plate 6, extending around the entire image-
pickup area 14. In this way, corresponding to the central
portions of both the semiconductor substrate 10 and the
transparent plate 6, a clearance having a thickness corre-
sponding to the thickness of the sealing agent 20 is formed
between the surface 12 of the semiconductor substrate 10
and the lower surface of the transparent plate 6, forming an
internal space 22 which is in an airtight state by virtue of the
sealing agent.

Further, the semiconductor substrate 10 is formed with a
plurality of through holes 26, located in positions corre-
sponding to the bonding pads 16, and extending from the
lower surfaces of the bonding pads 16 to the back surface 24
of the semiconductor substrate 10. Specifically, the diameter
of each of the through holes 26 is smaller than that of each
of the bonding pads 16, and the internal surface of each
through hole is coated with an insulating film 28. Moreover,
an entire area of the back surface 24 of the semiconductor
substrate 10 (not including the openings of the through holes
26) is coated with an insulating film 30 having a thickness
of several microns. In practice, both the insulating film 28
and the insulating film 30 may be formed by a polyimide
resin.

A flexible circuit substrate 8 is bonded through an adhe-
sive agent 32 to the back surface 24 of the semiconductor
substrate 10, in a manner such that the plate surface of the
circuit substrate 8 can face the back surface 24 of the
semiconductor substrate 10. Further, a copper wire 34 serv-
ing as an external lead wire for the solid image-pickup
device 2 is provided on the surface of the flexible circuit
substrate 8. In this manner, the flexible circuit substrate 8 is
bonded to the semiconductor substrate 10, with the copper
wire 34 being located on the outside of the device. Further,
on the flexible circuit substrate 8 and corresponding to the
through holes 26, there are formed a plurality of lands 36
(see FIG. 5) in connection with the copper wire 34. Spe-
cifically, each of the lands 36 is formed with a through hole
having a diameter larger than each through hole 26, and
openings having substantially the same diameters are
formed in the corresponding positions through the above
adhesive agent layer 32.

Then, an amount of electrically conductive material 38
which will protrude to the lands 36 is used to fill the through
holes 26 of the semiconductor substrate 10 and the through
holes of the flexible circuit substrate 8. In this manner, by
way of such an electrically conductive material 38, the
bonding pads 16 of the semiconductor substrate 10 as well
as the lands 36 of the flexible circuit substrate 8 can be
electrically connected with the copper wire 34. Here, in
more detail, the electrically conductive material 38 may be
formed by hardening an electrically conductive paste.

In fact, the flexible circuit substrate 8 is formed such that
its longitudinal direction can be arranged in the lateral
direction of the image-pickup device, and that one end
thereof is extending to one side of the semiconductor
substrate 10.

In this way, since the solid image-pickup device 2 of the
present embodiment is constructed in a manner such that the
transparent plate 6 is disposed to cover the surface 12 of the
semiconductor substrate 10 on which light sensors are
arranged, such an arrangement is different from a conven-
tional image-pickup device in which the semiconductor
substrate is received into a package. Namely, when viewed
as a plan view, the device of the present embodiment has
only a size which is exactly the same as the semiconductor
substrate 10. Further, the thickness of the device includes
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only the thicknesses of the transparent plate 6 and the
semiconductor substrate 10. For this reason, it is possible to
greatly reduce the size of the solid image-pickup device 2,
especially the thickness thereof.

Further, since the flexible circuit substrate 8 is disposed to
cover the back surface 24 of the solid image-pickup device
2, and since the bonding pads 16 on the semiconductor
substrate 10 are connected with the wire on the flexible
circuit substrate 8 by virtue of the electrically conductive
material 38 received in the through holes 26, it is possible to
obtain an improved thickness-reduced image-pickup device
including an external circuit (flexible circuit substrate 8).

Usually, in an apparatus such as digital still camera
containing the solid image-pickup device 2, since an optical
lens is disposed in front of the solid image-pickup device 2,
the apparatus as a whole is likely to become thick in its
thickness. For this reason, the fact that it has become
possible to produce a thickness-reduced solid image-pickup
device 2 is extremely favourable in producing an improved
optical apparatus which is thin in its thickness.

Besides, according to the present embodiment of the
invention, since the ridge line portions 18 of the transparent
plate 6 are chamfered, when the solid image-pickup device
2 is installed into an optical apparatus and when the trans-
parent plate 6 accidentally bumps against a lens block or the
like within the optical apparatus, it is possible to prevent the
transparent plate 6 from getting broken off.

Further, when the solid image-pickup device 2 is installed
into a digital still camera or the like, if (for example)
reference surfaces 40, 42 and 44 set on the side surface of
the transparent plate 6 are used as the working reference, it
is possible to incorporate the solid image-pickup device into
the camera in an accurate positioning process with a high
precision. Moreover, as shown in FIG. 3, the reference
surfaces 40 and 42 are set on the same side surface 46 of the
transparent plate, but mutually separated from each other at
a predetermined interval. However, the reference surface 44,
as shown in FIG. 4, is set on the other side surface 48 of the
transparent plate, perpendicular to the side surface 46. In this
way, even if the side surfaces of the transparent plate 6 are
used as references, since there are no positional dislocations
between the side surfaces of the transparent plate 6 and the
side surface of the semiconductor substrate 10, it is possible
to carry out the positioning of the semiconductor substrate
10 with a high precision. Further, a precision in positional
relation between the side surface of the semiconductor
substrate 10 and the image-pickup area 14 can be deter-
mined in accordance with a cutting precision when the wafer
is cut and individual solid image-pickup devices 2 are
obtained. In fact, such a precision can be made at 10 pm or
less. Accordingly, it is possible to carry out the positioning
of the image-pickup area 14 with respect to an optical
apparatus, with only an extremely small error of 10 um or
less. Moreover, since it is possible to easily perform the
positioning with a high precision, it is allowed to shorten a
working time necessary for installing the solid image-pickup
device 2 into an optical apparatus.

The solid image-pickup device 2 having the above-de-
scribed structure can be manufactured at an extremely low
cost, with the use of a method which will be explained in
detail below.

One example of a method for manufacturing the solid
image-pickup device 2 according to the present invention
will be described with reference to FIGS. 1 through 5.

At first, a transparent plate having the same size as that of
a semiconductor wafer is bonded (by means of the sealing
agent 20, i.e., an adhesive agent) to the surface of the
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semiconductor wafer on which semiconductor substrate
portions for a plurality of solid image-pickup devices have
been formed. During the bonding process, the sealing agent
20 is applied to either the semiconductor wafer or the
transparent plate, corresponding to the respective solid
image-pickup devices to be formed on the semiconductor
wafer, in a manner such that each image-pickup area 14 is
surrounded by the sealing agent, thereby bonding together
the semiconductor wafer and transparent plate. Then, the
sealing agent 20 is hardened by heating or by irradiating
with an ultraviolet light.

Subsequently, the back surface of the semiconductor
wafer, on which the transparent plate has been bonded, is
ground so as to reduce the thickness of the semiconductor
wafer to 100 um or less.

Afterwards, the through holes 26 are formed extending
from the back surface of the semiconductor wafer to the
lower surfaces of the bonding pads 16. In forming these
through holes, it is allowed to employ one of several
commonly used processes, such as a process using a laser,
a process using a photolithography technique or the like.

Then, the inner surface of each through hole 26 is coated
with an insulating film 28 formed by a polyamide resin,
while the back surface 24 (not including the openings of the
through holes 26) of the semiconductor wafer is coated with
an insulating film 30. Here, the insulating film 30 may be a
polyimide tape.

Subsequently, the semiconductor wafer along with the
transparent plate are cut into several smaller portions cor-
responding to the respective solid image-pickup devices,
thereby individually obtaining solid image-pickup devices.
At this time, if several grooves each having a V-shaped cross
section are formed in advance on the surface of the trans-
parent plate before the cutting process is carried out, and if
the semiconductor wafer together with the transparent plate
are cut along these grooves, it is possible to obtain a plurality
of solid image-pickup devices each having such a transpar-
ent plate that its ridge line portions have been chamfered.

Afterwards, a flexible circuit substrate 8 is bonded to the
back surface 24 of each small semiconductor wafer, while
the through holes 26 are filled with an electrically conduc-
tive paste which is then heated so as to be hardened, thereby
rendering the bonding pads 16 of the semiconductor sub-
strate 10 to be electrically connected with the copper wire 34
of the flexible circuit substrate 8.

With the use of the manufacturing method described
above, it is not necessary to perform a conventional opera-
tion in which semiconductor substrates are individually
received into the respective packages to form the respective
solid image-pickup devices, while the packages and the
semiconductor substrates are connected with each other
through the bonding wires. Moreover, since the transparent
plate can be bonded to the semiconductor wafer and subse-
quent processes can be carried out dealing with only the
integrally bonded body, it is possible to produce a large
number of solid image-pickup devices during each one
operation, thereby making it possible to greatly reduce the
production cost.

However, the method of the present invention for manu-
facturing the solid image-pickup element and the solid
image-pickup device should not be limited to the above-
described example. In fact, it is also possible to carry out one
of some other methods without departing from the scope
prescribed by the spirit of the present invention.

For example, although the above description shows that
each flexible circuit substrate 8 is bonded to the back surface
24 of each semiconductor substrate 10, it is also allowed not
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to use the flexible circuit substrate 8. Namely, it is effective
that after the back surface of the semiconductor substrate 10
is subjected to an insulating treatment, bumps or the like are
formed on the openings of the through holes 26.

Further, although the present embodiment shown in FIG.
1 indicates that the sealing agent is applied to the edge
portions of the semiconductor substrate and the transparent
plate in a manner such that the applied sealing agent extends
around the entire image-pickup area, it is also possible to
employ a method shown in FIG. 7 which indicates that a
light-transmissible material may be used in the sealing
agent, and such a sealing agent may be interposed between
the entire surface of the semiconductor substrate and the
transparent plate. In this way, especially in a process for
manufacturing an image-pickup device which is required to
be compact in size, it is not necessary to control the forming
position of the sealing agent with respect to an image-pickup
area, and in a process of bonding together the semiconductor
wafer and the transparent plate, it is allowed to apply the
sealing agent to the entire surface of the semiconductor
wafer. For this reason, even if it is difficult to control the
forming position of the sealing agent as shown in the
structure of FIG. 1, it is still possible to manufacture the
image-pickup device which is compact in size.

As described in the above, the solid image-pickup device
of the present invention and the solid image-pickup device
manufactured using the method of the present invention, are
constructed in a manner such that the transparent plate is
disposed to cover the surface of the semiconductor substrate
on which light sensors have been arranged. Therefore, such
an arrangement is different from a conventional structure in
which a semiconductor substrate is received into a corre-
sponding package. Namely, when viewed as a plan view, the
device of the present invention has only a size which is
exactly the same as the semiconductor substrate. Further, the
thickness of the device includes the thicknesses of the
transparent plate and the semiconductor substrate. For this
reason, it is possible to greatly reduce the size of a solid
image-pickup device, especially the thickness thereof.

Further, since the flexible circuit substrate is disposed to
cover the back surface of the solid image-pickup device, and
since the bonding pads on the semiconductor substrate are
connected with the wire on the flexible circuit substrate by
virtue of the electrically conductive material received in the
through holes, it is possible to obtain an improved thickness-
reduced image-pickup device including an external circuit.

As a result, it is not necessary to perform a conventional
operation in which semiconductor substrates are individu-
ally received into the packages corresponding to the respec-
tive solid image-pickup devices, while the packages and the
semiconductor substrates are connected with each other
through the bonding wires. Moreover, since the transparent
plate can be bonded to the semiconductor wafer, and sub-
sequent processes can be carried out with respect to the
integrally bonded body, it is possible to produce a large
number of solid image-pickup devices during each one
operation, thereby making it possible to greatly reduce the
production cost.

What is claimed is:

1. An imaging device comprising:

a semiconductor substrate having a first side as a light

incident side and a second side opposite the first side;
an image pick-up area disposed in the semiconductor
substrate and having at least one light sensor;

a through hole extending from the second side of the

semiconductor substrate towards the first side;

a transparent plate disposed along the first side;
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a cavity disposed between the transparent plate and the
image pick-up area and disposed over the semiconduc-
tor substrate in an area of the semiconductor substrate
without the through hole;

an insulating film covering inner side surfaces of the
through hole; and

an electrically conductive material disposed in the
through hole, wherein the electrically conductive mate-
rial is physically connected to at least a portion of a
lower surface of a laminar layer portion comprising at
least one conductive layer located at the first side of the
semiconductor substrate and is electrically connected
to the laminar layer portion,

wherein a light-receiving surface of the image pick-up
area and the first side of the semiconductor substrate
are coplanar.

2. The imaging device according to claim 1, wherein the
transparent plate has substantially the same shape and sub-
stantially the same size as said semiconductor substrate from
a plan view perspective.

3. The imaging device according to claim 1, wherein the
transparent plate is fixed over a surface of said semiconduc-
tor substrate with a sealing agent disposed between the
transparent plate and said semiconductor substrate, said
sealing agent is disposed exclusively along edge portions of
the surface of said semiconductor substrate, with the cavity
surrounded by said sealing agent being sealed airtight.

4. The imaging device according to claim 3, wherein the
area of the semiconductor substrate without the through hole
is located interior to the edge portions of the surface of said
semiconductor substrate.

5. The imaging device according to claim 1, wherein the
electrically conductive material is provided inside the
through hole adjacent the insulating film.

6. The imaging device according to claim 1, wherein the
transparent plate is made of a glass.

7. The imaging device according to claim 1, wherein the
through hole has a depth of 100 um or less.

8. A package including an imaging device comprising;

a semiconductor substrate having a first side as a light
incident side and a second side opposite the first side;

an image pick-up area disposed in the semiconductor
substrate and having at least one light sensor;

through holes extending from the second side of the
semiconductor substrate towards the first side;

a transparent plate disposed along the first side;

a cavity disposed between the transparent plate and the
image pick-up area and disposed over the semiconduc-
tor substrate in an area of the semiconductor substrate
without the through holes; and

an electrically conductive material disposed in the
through holes and being physically connected to at least
a portion of a lower surface of a laminar layer portion
comprising at least one conductive layer located at the
first side of the semiconductor substrate and being
electrically connected to the laminar layer portion,

wherein a light-receiving surface of the image pick-up
area and the first side of the semiconductor substrate
are coplanar.

9. The package according to claim 8, wherein the trans-
parent plate is fixed over a surface of the semiconductor
substrate above an imaging area and when viewed as a plan
view has substantially the same shape and substantially the
same size as the semiconductor substrate from a plan view
perspective.

10. The package according to claim 8, wherein the trans-
parent plate is fixed over a surface of the semiconductor
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substrate with a sealing agent disposed between the trans-
parent plate and the semiconductor substrate, the sealing
agent is disposed exclusively along edge portions of the
surface of the semiconductor substrate and over the laminar
layer portion, with the cavity surrounded by the sealing
agent being sealed airtight.

11. The package according to claim 10, wherein the area
of the semiconductor substrate without the through holes is
located interior to the edge portions of the surface of said
semiconductor substrate.

12. The package according to claim 8, wherein the elec-
trically conductive material is provided inside the through
holes extending from the laminar layer portion to provide
electrical communication with the second side of the semi-
conductor substrate.

13. The package according to claim 8, wherein the trans-
parent plate is made of a glass.

14. The package according to claim 8, wherein the
through holes have a respective depth of 100 pm or less.
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